AIM AND PURPOSE
In Australia, revenue raised from taxes on motor spirits, consumed by road transport operators and road users, has generally been applied to the development, construction and maintenance of the roadway network.
This paper aims to evaluate the impact of falling government revenue from reduced fossil fuel consumption, by the transport sector of the Australian economy, caused by the introduction of electrically powered vehicles.
The primary purpose of this paper is to investigate the possible impact of electric powered vehicles on tax revenue currently raised from fuel excises levied on the owners of fossil fuelled motor vehicles.
The secondary purpose is to make governments and tax administrators aware that, as technology changes, revenue structures to support the development and maintenance of road networks will have to be reviewed to find new methods of financing transport infrastructure.
INTRODUCTION
The internal combustion engine has powered the world's motor vehicles for over 140 years. However atmospheric pollution, produced by the otherwise efficient and reliable means of motorisation, has caused the world's population to seek cleaner energy systems. Electrical vehicles can be powered from non-polluting, renewable energy sources, thereby significantly reducing greenhouse gas emissions from the road transport sector. Therefore, in response to society's concerns for the natural environment, vehicle manufacturers are turning to replacing the fossil fuelled internal combustion engines of the past, with electric motors.
New and existing vehicle manufacturers, such as Tesla and Nissan, have launched many new models and makes of very powerful electric vehicles. Those electric vehicles are gaining considerable popularity with consumers and governments. Indeed some governments, such as Norway, France and the UK, are putting bans in place to transition away from petrol and diesel fuelled vehicles by as early as 2035.
2
It is therefore inevitable that electric and electric hybrid vehicles will ultimately displace the current internal combustion powered vehicles. As a consequence of that transition, tax revenues, raised from excises currently levied on fossil fuels consumed by motor vehicle users, may fall.
In 2016, Crowe wrote a newspaper article that asserted:
1 World Nuclear Association, Electricity and Cars, (2017) < http://www.world-nuclear.org/information library/non-power-nuclear-applications/transport/electricity-and-cars.aspx> at 19 October 2017.
2 Matt Pressman, Electric Car Incentives In Norway, UK, France, Germany, Netherlands, & Belgium, (2017) CleanTechnica < https://cleantechnica.com/2017/09/02/electric-car-incentives-norway-uk-francegermany-netherlands-belgium/> at 19 October 2017.
Australians who drive Holden Commodores are paying three times as much tax for federal roads as those who own hybrid vehicles such as the Toyota Prius, sparking fears of a funding crisis that could keep every motorist in the slow lane for years.
Wealthier Australians who can afford to buy hybrid and electric cars are starting to erode the $12 billion in annual fuel excise that pays for the nation's roads, forcing the federal government to look at new ways to raise cash for major projects.
3 Despite Crowe's assertion, that rising numbers of electric vehicles will have a negative impact on road tax revenue, the nexus between fuel excises and expenditure on Australian roadway construction and maintenance is not as closely related as he indicates.
In 2000 a report to the Australian Parliament stated that [p] etrol and diesel excises are levied primarily to raise revenue. A second reason is to recover from road users the costs they impose on society. And, historically, revenue from excise was at times hypothecated to fund expenditure on roads. Hypothecation is the earmarking of the revenue from a particular tax for spending on a particular purpose.
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The report also stated that [w] ith the exceptions of road tolls and heavy vehicle road use charges, 5 road users do not pay directly for their use of roads. In the absence of direct road use charges, petrol and diesel excises are a proxy for the cost of road use, in that the total amount of excise a user pays through fuel consumption is related to distance travelled and vehicle weight. 6 But excises are an inefficient means of cost recovery in that the amount of excise a user pays does not vary directly with the social cost of using a specific road.
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While the impact on tax revenues will be worldwide, this paper focuses on the likely impact on fuel excises in Australia. Firstly, the paper gives a brief history of Australian fuel excises and how they were initially hypothecated to the construction and maintenance of roadways.
In 1959 the Commonwealth government removed the nexus between revenue raised from 'the collections from time to time of the duties of customs and duties of excise' 8 and 'the construction, reconstruction, maintenance and repair of roads or on the purchase of road- 
However the 1960 decision in Dennis Hotels Pty Ltd v Victoria
18 left some room for the states to levy of licence fees, despite the fees being structured on a volumetric basis. In 1979, the State of Western Australia introduced a licence fee on the sale of petroleum products at the rate of 0.9 cents per litre of motor spirit sold by wholesalers. tobacco and petrol and excises levied on those products is now the exclusive realm of the Commonwealth of Australia.
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Although detailed examination of that case is also beyond the scope of this paper, it is important to recognise that as a consequence of the Ngo Ngo Ha Case in 1997, it was agreed, by the state governments of Australia, that the Commonwealth would place levies on alcohol, tobacco and petrol, for and on behalf of the states.
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The concept of state fuel levies hypothecated for the construction and maintenance of roadways was at an end. The clarification of the Australian Parliament's budgetary position in 2000 makes it clear that there is no nexus between fuel excise and roadway construction and maintenance expenditure. Therefore whatever the impact of changing technology may have on 'road tax revenue' it is unrelated to road construction and maintenance expenditure.
Further, on 1 July 2000, the 1997 tax sharing arrangements with the Commonwealth, ceased with the introduction of Australia's goods and services tax (GST). 23 It was agreed by the states and the Commonwealth that the Commonwealth would 'legislate to provide all of the revenue from the GST to the States and Territories.' 24 The states were then, at more than any other point since Federation, financially dependent on the Commonwealth Government.
In order to provide background and context, as well as define the scope of research supporting this paper, the following section examines previously published research findings on the impacts of the introduction of electric vehicles to the transport sector.
REVIEW OF PUBLISHED LITERATURE
Mortimore has considered encouraging the introduction of electric vehicles as a method of reducing greenhouse gas emissions produced by the transport sector. In 2014, she stated that [t] he transport sector is arguably the most difficult and expensive sector in which to reduce greenhouse gas emissions (GHG), with carbon dioxide (CO2) generated by transport in Australia increasing by 50.7 percent (93.5 Mt CO2-e) in 2012 -2013 from 1990 . Unless the government reverses this trend, CO2 emissions will continue to rise and offset the gains made in reducing carbon emissions in other energy sectors. The largest contributor to transport GHG emissions is road transport. Twidell and Weir also considered alternative fuel sources. They looked at the concept of introducing bio-fuels as a substitute, or supplement, to the use of fossil fuels in transport. In pointing to the cost of bio-fuels in relation to the petroleum industry they noted that the great majority of governments tax automotive petroleum fuels, e.g. the UK with ~ 400% total taxation. Such taxation both raises revenue and discourages unnecessary driving to reduce pollution, road congestion and, usually, imports costing foreign exchange.
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Their findings suggest that the use of alternative fuels would not affect tax revenue as the fuel tax is simply varied to accommodate the changing fuel source.
However, significant reductions in the consumption of oil based energy sources could be achieved if electric vehicles were powered from renewable energy sources. Fullarton observed that 'while electric cars are a step forward in reducing greenhouse gas emissions created by motor vehicles, the electricity to refuel these electric cars is derived from fossil fuel generators.'
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Casals et al 30 and Lombardi et al 31 also point to the need to align renewable, non-polluting electricity sources with the operations of electric vehicles otherwise gains in reduced fossil fuel consumption and greenhouse gas emissions of the vehicle will be offset by increased fuel consumption and emissions at the power source of the electricity grid.
Further, while some vehicles purport to be 'electric' they continue to consume petrol or diesel, albeit in reduced volumes. Many electric vehicles are really 'hybrids' that rely on 'on board' fossil-fuelled generators to increase the useable range of the vehicle. Therefore the move, from fossil-fuelled, internal combustion engine powered road vehicles to electric vehicles, may have little impact on the overall consumption of fossil-fuels, and their accompanying greenhouse gas emissions.
However the introduction of electric vehicles might provide access to an alternative, untaxable fuel source -self generated renewable energy. If fossil-fuel energy sources are to be displaced by renewable energy sources, the introduction of electric vehicles could achieve that. In that event road tax revenues from the sale of fossil-fuels to power road transport could fall significantly.
Passey, Watt and Macgill considered the financial impacts of self-generated electricity sourced from solar photovoltaic (pv) systems to fuel electric vehicles. 32 Although they did not specifically examine the impact of self-generated renewable energy for the use in electric vehicles on tax revenue, they found that diverting solar pv energy to plug-in electric hybrids (PHEVs) caused other customers' bills [to be] slightly higher than would be expected. This is because the greater on-site use of PV electricity by the 'Responsible customer' [solar pv and PHEV owner] decreases revenue for Transmission Network Service Providers and Distribution Network Service Providers, and so under the revenue cap scenario they increase their tariffs to compensate.
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While Passey, Watt and Macgill did not directly address the concept of tax revenue from road users, they suggest that if electricity vendors are to experience a fall in revenue, from the use of self-generated renewable energy to 'fuel' electric vehicles, then road tax revenue will fall accordingly.
Tax revenue generated from road users is an important source of government revenue. Therefore, despite hypothecation of road tax revenue for the construction and maintenance of roadways by the Commonwealth government ceasing in 1959, it is acknowledged government revenues have often been directed at constructing and maintaining roadways.
Nonetheless despite the threat to road tax revenue from taxes on fossil fuels, governments are being forced to address the issue of atmospheric pollution. In 1997 Briggs et al stated that [d] espite the major improvements in air quality seen in many European cities over the last 30 -40 years, the problem of urban air pollution remains. Levels of traditional pollutants, such as smoke and sulphur dioxide (SO2) have declined, as a result of industrial restructuring, technological changes and pollution control, but the rapid growth in road traffic has given rise to new pollutants and new concerns.
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Yet it was to be 20 years before world governments began to take positive action to reduce greenhouse gas emissions from the transport sector. In 2017, Ali et al noted that world governments are taking action to severely curtail greenhouse gas emissions from all sectors of the transport sector including those from passenger cars. Falcão, Teixeira and Sodré concluded that while electric vehicles emit lower amounts of greenhouse gases 'the total cost of ownership is 2.5 times higher than the conventional vehicle.' 36 They also pointed to the use of renewable energy sources to drive down CO 2 emissions.
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The use of renewable energy sources is relevant to the case study used in the research supporting this paper. However this paper disputes their comparative costs of electric vehicles to conventional vehicles. The PHEV used in this research has a comparable capital cost and on-road licensing fees equal to the same model of the petrol fuelled version of the Mitsubishi Outlander.
Desbarats considered the concept of trading 'carbon credits' from the savings of reduced carbon emissions. While she focused on reducing carbon emissions generally, she noted that 'emissions trading may simply result in the purchase of offsets depending on the price of carbon.' 38 Further, she noted that [u] nless vehicle owners are able to purchase carbon credits to offset deductions from their carbon accounts, their only alternative to minimizing their own vehicle use is to either drive less or to purchase low emission vehicles. This would help drive purchases of electric vehicles and could help incentivize the purchase of low carbon fuels.
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Her findings are important to the case study in this research as the PHEV used is charged from a renewable energy resource which has been registered to create renewable energy credits. Therefore the carbon credits created from 'fuelling' the vehicle further offset the operating cost of the vehicle and are included in this analysis.
Of significance to this research is the ultimately impact of the uptake of electric vehicles by mainstream consumers. A comparative indicator of the uptake of electric vehicles might be the uptake of solar pv installations in Australia. Fullarton found that the uptake of solar pv installations in Australia was minimal from 2000-09. It was not until 2010 that Australia experience a 'surge' in the uptake of consumer owned solar pv renewable energy generation systems. 40 At that point in time there was a raft of government driven incentives introduced to encourage consumer confidence in purchasing small generation sized solar pv systems for residential properties.
Simpson found that while there were some environmental considerations expressed by householders who purchased of solar pv installations, a significant incentive to install solar pv systems was the economic saving of self-generating one's own electricity, and the substantial fiscal government rebates for doing so. 41 She also pointed to the influence of government intervention impacting on the absorption of 'self-generation electricity systems' by householders. 42 Additionally, Graham-Rowe et al found that the uptake of electric vehicles depended on a raft of factors other than environmental concerns and capital costs.
EVs were judged by ICE vehicle standards in relation to cost, performance, convenience, comfort and aesthetics, and intentions to purchase were largely dependent on EVs meeting these standards at some future date. Production and marketing of EVs may be more successful if these perceptions, comparisons and concerns are addressed. 43 Furthermore, they found that two PHEV drivers did not plug their vehicle into the electricity supply, instead relying on the ICE and regenerative braking system to charge the vehicle, thereby negating the carbon savings associated with using grid electricity to power their vehicles. 44 
Galvin stated that:
Recently a discussion has arisen as to whether e-vehicles do, in fact, reduce overall emissions. For countries generating electricity mostly through fossil fuels, much of the gain at the vehicle itself may be lost at the generating plant. Even for countries which are moving rapidly towards renewable electricity generation, such as Germany, lifecycle analysis shows that emissions and wastes produced in the manufacture of e-vehicles and their batteries can negate most of the gains. 45 Galvin's study, which is based on laboratory condition tests of eight makes and models of electric cars, is of particular relevance to this research. The vehicle used in this research is one of those used by Galvin, a Mitsubishis Outlander PHEV. His findings from his 40 Fullarton, above n 29, 24. 41 Genevieve Simpson, 'Network operators and the transition to decentralised electricity: An Australian socio-technical case study ' (2017) laboratory trials provide a comparative for the data collated from field trials of the case study supporting the findings of this paper.
This research indicates, that while there may be significant environmental considerations for the introduction of electric vehicles, and that transition may have some impact of road tax revenues from fuel excises, unless consumers can expect economic benefits, the transition to electric vehicles may not significantly impact the transport sector. Experience with the solar pv system installation rates indicates significant government incentives will be required.
It remains to be seen if the uptake of electric vehicles will follow the same rate of uptake as did the uptake of solar pv installations in Australia. Discussion on the savings of greenhouse gas emissions, other than the income generated from the creation of renewable energy credits by charging electric cars using renewable energy, is beyond the scope of this paper.
Ultimately, the introduction of electric vehicles may have little or no significant impact on Australia's rate of greenhouse gas emissions. Rather, the source of the emissions moves from the exhaust pipes of motor vehicles, to the chimney stacks of power stations.
RESEARCH METHOD
This section considers the research method adopted by this paper to support its conclusions. A mixed research approach has been adopted. That approach uses a quantitative analysis of published statistics and is compared the findings of a case study of the use of a Mitsubishi PHEV in the Northwest of Western Australia.
The research program is conducted by way of:
 An examination of Commonwealth Scientific and Industrial Research Organisation (CSIRO) and a statistical analysis of published Australian Bureau of Statistic (ABS) motor vehicle census data and ABS raw data supporting those publications.
An estimate of the growth of substitute renewable energy fuels to power Australia's passenger vehicles is made based on the growth of dispersed embedded solar photovoltaic installations in Australia to indicate a possible impact of the uptake of electric vehicles on tax revenues;
 An examination of Australian Taxation Office (ATO) statistics to establish tax revenue received by the Commonwealth of Australia from fuel excise tax levied on motorists in Australia. From that revenue, the annual diesel fuel rebate tax expenditure is deducted to establish the net value of the taxation of petroleum products to the Commonwealth Government.
The ABS data is compared to the findings from the examination of the ATO statistics to estimate the contribution of fossil-fuel powered passenger vehicles to the net revenue; and  Finally, the findings of a case study based on the operation of a Mitsubishi PHEV (Plug-in Electric Hybrid Vehicle) Outlander sports utility vehicle (SUV) will be examined to support or refute the statistical analysis. The case study includes examination of Western Australian Department of Transport registration documents to determine the accuracy of vehicle descriptions -particularly vehicle fuel sources.
Conclusions are made as to the expected impact of fuel excise revenue, and to estimate at point where a significant reduction in revenue might occur, as users move away from taxable fossil-fuels to untaxable renewable energies.
The following section examines reports published by Australian government agencies, and published statistics, to investigate quantitative support for the assertions that tax revenues raised from road users are declining, or are likely to decline, in the near future.
GOVERNMENT AGENCY REPORTS

Commonwealth Scientific and Industrial Organisation (CSIRO)
Since 2000, the CSIRO has released a number of reports on studies of the introduction of electric vehicles and projections of future road transport revenues.
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The reports are generally mathematical projections and forecasts of estimations based on a given series of variable factors. However they are not intended to be relied on as scientific data but rather serve as a guide to what may or may not happen given certain assumptions of generally economic factors.
It is noted that the reports carry a disclaimer:
CSIRO advises that the information contained in this publication comprises general statements based on scientific research. The reader is advised and needs to be aware that such information may be incomplete or unable to be used in any specific situation. No reliance or actions must therefore be made on that information without seeking prior expert professional, scientific and technical advice.
47
The reports examined in this research attempt to quantify various economic impacts to revenue caused by the introduction of electric vehicles. 48 Generally they find there will be little overall fiscal impact to households until 2050. They suggest overall energy costs to households to power motor vehicles may simply move from purchases of fossil fuel to purchases of electricity. Those suggestions are supported by the literature examined above.
According to the Australian Government Department of Industry and Science, 27.3 per cent of Australia's energy production for the 2013-14 fiscal year, was consumed by the transport industry. 49 An almost equal amount of energy was consumed in the production of 46 electricity. 50 Together with energy consumed by the manufacturing sector, the three sectors made up nearly three quarters of Australia's energy consumption in 2013-14.
Road transport consumed just short of three quarters (72.8 per cent) 51 of the total energy consumption of the transport industry, that sector is the focus of this paper. Further, as it is unlikely that coal and gas are currently used as energy sources for road transport, the 38.4 per cent contribution to Australia's energy sourced from oil 52 is assumed to be primarily consumed by road transport.
It is acknowledge however, that a considerable volume of diesel is consumed in electricity generation, particularly in smaller generation systems such as power stations with a generational capacity of less than 15 megawatts. Further, a diesel fuel rebate scheme is provided by the Australian Government to return most of the fuel excise paid by the operators of stationary engines. Therefore diesel fuel consumed by power stations is outside the scope of this paper. In addition certain heavy transport vehicles receive a diesel fuel rebate in compensation for part of the fuel excise.
Almost from the outset of the rise of the motor car in the early 20 th Century, governments have raised revenue for roadways primarily from taxes levied on fuel as well as licensing and registration fees.
It may be considered in Australia, that the major revenue source for the maintenance road transport infrastructure, and the construction and maintenance of roadways, is the excise raised from the sale of petroleum products to fuel motor vehicles. The impact of the introduction of electric vehicles will greatly reduce motor vehicle petroleum fuel consumption. Therefore that revenue source for road maintenance expenditure may be in jeopardy.
In particular, that concern has been expressed in a 2016 CSIRO report which states:
EVs will impact government road revenue, particularly fuel excise and government may eventually move to find another way to recover costs which could moderate uptake (e.g. a reduction in fuel excise in favour of a kilometres travelled based mechanism would improve the relative competitiveness of internal combustion vehicles).
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According to the report, it is estimated that hybrid and electric vehicles will comprise up to 20 per cent of light duty road vehicles by 2035. 54 50 Ibid. It is noted that the Dept of Industry and Science does not consider electricity to be an energy source therefore it is considered only as a means of conversion and transportation of energy rather than an input to energy production. That is important to this paper as the focus of the paper is the shift in energy source from fossil fuels to renewable energy for road transport. Excluding electricity as an energy source eliminates possible errors due to the duplication of data. The ABS motor vehicle census of 2016 reveals that of all vehicles registered in Australia only 6546 were classified as electric. 58 That number is extremely modest when compared to the total number of registered vehicles of more than 20 million from 2013 onwards.
Overall, passenger vehicles consuming unleaded petrol make up the bulk of Australian road users with 11 801 876 of the total of 18 387 136 motor vehicles registered in 2016, or 64.18 per cent. It is assumed that the data does not mean that passenger vehicles consume two thirds of motor vehicle fuels as the 2 344 653 registered commercial vehicles, trucks and buses consume more than one third of the total fuel consumed due to their higher fuel consumption rates, but nonetheless passenger vehicles undoubtedly consume the bulk of unleaded petrol and therefore contribute the bulk of fuel tax revenue.
It is also noted that there may be inaccuracies in the ABS data. Appendix A shows the registration papers for the PHEV used in the case study supporting this research. The 'plugin hybrid electric vehicle' has been recorded as a petrol powered vehicle. The error arises from the use of the term 'petrol/hybrid' by the motor vehicle dealer, instead of 'plug-in'.
One incorrect registration in 6546 is insignificant but it does indicate a lack of awareness of the difference between internal combustion engine powered and electric vehicles, even by motor vehicle distributors. Although as examined later in the case study section of this paper, the clerical misunderstanding of terminology may not give rise to significant statistical errors at this point in time.
It is likely that passenger vehicles will dominate in the rise of electrically powered vehicles in the foreseeable future, as technology for heavy transport vehicles has not yet fully developed to the commercial market. Therefore this paper focuses on passenger vehicles on Australian roads. vehicle sales increase sharply and exponentially. Therefore it is possible, that in the two decades, around 20 per cent of passenger vehicles using Australian roads could be powered by electricity.
To achieve a 20 per cent composition of all passenger cars by 2035, the number of electric vehicles on Australian roads would have to be 3 687 038 or around 3.7 million. That is considerable growth of around 56 225 per cent over the remaining 19 years. To achieve that proportion, the compound rate of annual increase would have to be at the rate of 40 per cent, as shown in Figure 1 . Mitsubishi Australia's sales evidence and the ABS statistical data cast significant doubt on an annual increase in electric vehicles to achieve a proportion of 20-30 per cent of Australia's passenger vehicles by 2035. On that evidence it is more likely that electric vehicles will account for less than one half of one per cent of passenger cars within the foreseeable future.
The rising awareness of environmental influences could also increase the rate at which electric vehicles replace fossil-fuelled passenger vehicles in Australia. There are also environmental benefits in reducing greenhouse gas emissions, through the introduction of electric vehicles.
Although it is beyond the scope of this paper to investigate the myriad external influencing factors that could lead to a rapid increase in the rate of uptake of electric vehicles, it is noted that the uptake of roof-mounted solar pv installations, in the late 2000s, exceeded the expectations of governments and electricity utilities. Consequently, taxation administrators and policy makers may be well advised to consider the impact of the uptake of electric vehicles sooner rather than later. To determine the likely impact to tax revenue from fuel excises caused by the transition from the internal combustion engine to the electric vehicle, the following section examines published ATO statistics. 73 Although BITRE, also cautions that '[t] here may be some double counting of state and local government funding due to lack of data on transfers from state/territory governments to local governments '. 74 It is noted that the rise of 31 per cent over the 10 year period, represents only around 2.47 per cent per annum, 75 or just below the average Australian rate of inflation in that period. 76 It is also noted that in 2015 a rise in the excise rate of 1.20 per cent resulted in a rise of 1.23 per cent in excise revenue. However in 2016, a rise in the excise rate of 2.33 per cent caused the excise revenue to rise by only 1.31 per cent. Two periods are insufficient to indicate a real long term trend, but the law of diminishing returns may be beginning to apply as consumers seek ways to reduce their fuel consumptions.
ATO Statistics Fuel Excises
The following section considers the impact of fuel tax credits refunded or rebated to certain eligible business considered to be essential to the Australian economy such as the heavy transport industry and off-road users such as the fishing and agricultural sectors. Table 3 indicates that during the period 2005-16 fuel excises rose 28.44 per cent, however after fuel tax credits had been returned to eligible businesses the increase in net road revenue from this source only increased by 15.56 per cent overall, or an annual compound interest rate of just 1 per cent. That net increase in revenue closely aligns with the gross revenue analysis shown in Table 2 , but at the same time fuel tax credits to eligible businesses rose by 62.32 per cent or 6 per cent per annum. It is concluded therefore, that the bulk of taxed road users are the drivers of passenger vehicles.
Fuel tax credits
Statistical Analysis Conclusion
The ATO data indicates that the burden of fuel excises is borne chiefly by the passenger vehicle sector. Therefore a change in the proportion of electric vehicles may have a significant impact on net road revenue from that taxation source. However ABS data indicates the number of electric vehicles on Australian roads is minimal. Accordingly, even at considerable growth rates in the adoption of electric vehicles the impact to fuel excise revenue is also negligible.
ABS data does not bear out the projections suggested by CSIRO reports and projections. It is possible that external influences could occur to severely impact the transition to electric vehicles, as experienced with the adoption of dispersed embedded solar pv installations in the late 2000s, but at present they are little more than speculation. Sales evidence from one of the major motor vehicle distributors in Australia does not indicate a high take-up of electric vehicles. Rather, sales data from Mitsubishi Motors Australia supports the ABS data. The conclusion of the ABS data is that the entire number of electric vehicles on Australian roads is less than one half of one per cent is likely to be very accurate.
Despite the hypothecation of fuel excise revenue to expenditure roadway construction and maintenance being ceased in 1959, and therefore any link between the road revenue source and expenditure on roads non-existent, if fuel excises were to fall to around one-third of 2016 levels they would continue to meet Federal government funding on Australia's roadways.
This examination of statistics concludes that in the unlikely event that electric vehicles were to comprise nearly one-third of vehicles on Australian roads then fuel excises would remain nearly twice volume of revenue over current levels of Federal expenditure on roadway construction and maintenance.
CASE STUDY
Case Study Data
This section examines a case study conducted on a Mitsubishi Outlander PHEV which is owned and operated by the Solex Solar Project in Carnarvon Western Australia. The vehicle was used in a rural/urban setting for a period of 17 months from May 2016 to October 2017.
The vehicle is fuelled from an unleaded petrol engine to power the on-board electricity generation system and an external electricity connection. The power unit for the on-board generation system is a 2L Mitsubishi internal combustion engine.
The engine is a standard power plant used most Mitsubishi, and similar makes and models of, sports utility vehicles of comparative size and class. The electricity source is renewable energy sourced electricity from the Solex solar farm. An electricity meter and a log book are kept to record electrical energy inputs.
It is recognised that motor vehicle owners are levied with a range of other taxes. The main focus of this paper is on the negative impact on fuel excise revenue caused from the transition to electric vehicles therefore examination of those taxes is outside the scope of this paper. Note that the 2016 Mitsubishi Outlander Plug-In Electric Hybrid vehicle used for this case study is slightly larger and heavier than the 2012 Mitsubishi I MiEV used by Galvin in his laboratory studies. 80 Detailed specifications of these vehicles are given in this paper as they can be readily accessed from the manufacturers' websites, although the MiEV is no longer available for sale in Australia.
However to provide reasonable comparatives the kerb mass and engine power are as follows:
MiEV kerb mass 1305kg and engine power of 49kW; and Outlander PHEV kerb mass 1810kg and 60kW combined engine power. 81 Therefore, it is expected that the heavier mass and power of the Outlander should increase fuel consumption over that of the MiEV. In addition the on-road conditions introduce the factor of wind resistance which is also expected to influence fuel consumption over those data obtained from laboratory condition trials.
The Outlander is garaged in Carnarvon Western Australia. It is primarily used for travel within the small town of round trips of less than 20km. It fuel source while in Carnarvon is exclusively electricity sourced from renewable energy generated by the Solex Solar Farm. It is energised by way of a 15 amp general purpose outlet to a 240 volt AC supply.
The vehicle is charged during daylight hours when not in use. The supply is metered however no data of charging times has been kept.
Long range trips of around 1000km were conducted in roughly three month periods. They are part of normal Solex operations to travel to adjacent towns, or to the City of Perth which is some 900km distant from Carnarvon. In that role of the vehicle is no different from internal combustion engine (ICE) powered vehicles previously used by the owner or the community generally.
During the period 30 May 2016 to 1 November 2017 the vehicle travelled 23 976km (14 899 miles) and consumed 1333.36L (293.29Imp gal) of unleaded petrol in excess of 90 octane rating. That data shows an average fuel consumption of just 5.56L/100km (50.81mpg Imp). In addition, the vehicle also consumed 1423.99kWh of electricity. By applying an estimate of 330ml of petroleum to produce 1kWh of despatch-able electricity, 82 an additional 469.92L (103.37 Imp gal) of unleaded petrol has been displaced.
The total fuel consumption, including the electric charge in equivalent unleaded petrol, is 1803.28L (396.67 Imp gal) which produces an average fuel consumption, including the 80 Galvin, above n 45. It was noted that wind resistance has considerable influence on the fuel consumption rates of the Mitsubishi Outlander PHEV. When located in Carnarvon the vehicle is charged regularly with electricity, and therefore uses very little unleaded petrol. The electricity is sourced from solar pv renewable sources generated from the Solex solar farm.
The manufacturer has advertised fuel consumption rates of as low as 1.7L/100km (166mpg Imp). 83 Examination of the logbook data, provided in Appendix A, supports that claimprovided the electricity used in charging is not considered in the fuel consumption calculations.
Galvin's laboratory trials of eight electric vehicles focused on energy consumptions under acceleration. However his analysis four electric vehicles driven under various levels of acceleration for a distance of 2.4km give a reasonably comparison with the range of driving conditions of the Outlander PHEV driven in this case study.
Galvin's data reveals an average energy consumption of 1 956 621W/s over 2400m 84 or 22.65kWh/100km. 85 By applying the energy conversion rate calculated by Arnalich, 86 an equivalent fuel consumption rate of 7.47L/100 is established. 87 That is very close to the fuel consumption rate established in this case study.
The published anticipated fuel consumption rates of the vehicles similar to the Outlander PHEV are contained in Table 5 to provide a comparison between the established PHEV fuel consumption and that of its petrol fuelled competitors. The published fuel consumptions of the petrol fuelled internal combustion engines of the comparative makes and models reveal that around 7.5 ± 3 litres of unleaded petrol is required to move a sports utility vehicle of around 2000kg for a distance of 100 km, at moderate driving speeds. That data closely correlates with the findings of this case study and Galvin's laboratory trials of similar vehicles.
In conclusion, those findings are consistent with the principles of physics of work, power and energy. 96 It is simple physics that the energy required to carry out the movement of a certain mass, a certain distance, within a certain time, will always be the same no matter what the energy source is. The manufacturer's publications that disclose a fuel consumption rate of around 2L/100km appears not to take into account the fossil fuel equivalent for the generation of the electrical charge of around 24kWh/100km.
Case Study Conclusion
The case study found that unless electricity is provided from renewable energy sources then there is no impact on fuel consumption rates between the PHEV used in this case study and similar makes and models of internal combustion engine driven passenger vehicles. Should the PHEV be fuelled entirely from its on-board petrol driven generation system then there is no impact on fossil fuel consumptions.
Should the PHEV be fuelled entirely from mains electricity sources, and in particular fossil fuel based power stations, there will be no impact to greenhouse gas emissions, other than to emit them from the power station rather than the vehicle itself. Likewise fuel consumption rates remain the same as for fossil fuelled vehicles.
Given that fossil fuel for power stations is not levied by way of the fuel tax credit system therefore should all electricity be sourced from mains supplies the fuel excise is avoided. At the rate of 4km/kWh or 12km/L then a distance of 24 000km travelled amounts to 2000L or a fuel excise impost of $800 is avoided. 97 In this case some 6700 kWh would have been consumed and cost $2000 at 2017 ruling rates for electricity in Western Australia. That would have attracted around $180 GST. The cost of avoided tax to the Federal government is reduced to just over $600 per annum or merely $11 per week.
Should 5.5 million electric vehicles make up the composition of passenger vehicles on Australian roads then total fuel excise of $3 300 million, or 18.89 per cent of the gross revenue for 2017 would be avoided.
There is no concession for the licensing or other imposts on passenger vehicles afforded to electric cars therefore there is no impact on other road revenues from the passenger vehicle sector of road transport. In addition, other imposts such as goods and services tax on electricity purchases remain levied on the users of electric vehicles.
CONCLUSION
The examination of data provided by the ABS and ATO did not provide a clear and distinct indication that the proportion of electric vehicles on Australian roadways will escalate to a level that will significantly impact on fuel excise revenues.
ABS data indicated that the proportion of electric vehicles to all passenger vehicles was less than one half of one percent to the end of the 2016 calendar year.
An anomaly was found in the registration documents of the PHEV used in this case study. It appears that registration staff have incorrectly registered the 'plug-in electric hybrid' as a petrol fuelled vehicle, rather than as an electric vehicle. That misclassification might create errors in the accuracy of the ABS data. However sales data provided by one of the main motor vehicle manufacturers of electric vehicles supports the ABS data. Therefore the misclassification may be within tolerable error ranges and of no overall significance.
ATO data reveals any reductions to fuel excise revenue caused by the transition to electric vehicles to be so small as to be irrelevant to national road revenue collections. It also indicates that any reduction in revenue could be readily compensated by equal reductions in fuel tax credits paid to eligible enterprises engaged in heavy road transport or off-road industries.
Examination of legislation supporting fuel excises finds there is no legislative support to the assertion that fuel excises are hypothecated to roadway construction and maintenance in Australia. It was found that until 1997 Western Australia had a fuel levy that may have been intended to contribute to roadway construction and maintenance. That legislation was repealed as a consequence of the findings in the Ngo Ngo Ha Case as to the legality of state excises in 1996.
The Federal government removed hypothecation of fuel excises to roadway construction and maintenance in 1959. Therefore assertions that the transition to non-petroleum based passenger vehicles will severely negatively impact on expenditure on Australian roads are not supported by this research.
Despite the removal of the hypothecation of funding roadway construction from fuel excise revenue in 1959, if a connection between road revenue and expenditure is perceived to exist, a relatively simple means of continuing road funding from fuel excises would be to reduce fuel subsidies for fossil fuel purchased by 'eligible enterprises'.
In the modern world, where the reduction of greenhouse gas emissions from burning fossil fuel is viewed as a pressing environmental concern, the subsidisation of fossil fuels appears incongruous with those social goals.
The case study has proven that the 'hybridisation' of coupling an internal combustion engine powered, on-board generation system with an external electrical charging capability, works effectively and efficiently. The vehicle performs a dual role -that of an electric vehicle in an urban setting, and an internal combustion engine powered vehicle for the purposes of long distance travel.
RESEARCH LIMITATIONS
This research is limited to Australian and Western Australian legislation applicable to fuel excises levied on petroleum products used in the road transport industry. There are many other jurisdictions and enterprises which have not been examined and the findings of this research should not be applied directly to other jurisdictions or economies.
Government sponsored incentives, and other influencing factors, which may encourage the uptake of electric vehicles by the Australian motor vehicle owners, have not been considered in this research. Therefore the impact of those social and economic drivers on the uptake of electric vehicle proportions is not investigated or estimated in this paper.
The case study is limited to a rural/urban environment in a remote hamlet some 900 km distant from Western Australia's capital city. Several long distant journeys have been included in the fuel consumption data collated over 17 months and 24 000km. However while it portrays a blend of urban and long distance travel reasonably well, the use of the vehicle is far from being typical of average urban use, either in Western Australia or any other urban environment.
In its current use pattern it can be readily re-charged from renewable energy sources and only makes short trips of less than 25km. An urban commuter is likely to make far longer journeys. When the vehicle makes long distance trips they are for distances greater than 500km. A vehicle located in a city is unlikely to make such regular long distant journeys.
No attempt has been made to quantify a comparative fuel cost between an internal combustion engine powered vehicle and an electric vehicle. Nor has a comparative cost of capital or maintenance been attempted. It is noted that both of those comparatives will vary wildly from state to state, vehicle manufacturer to manufacturer and nation to nation. They will vary considerably on the cost of unleaded petrol, licensing and insurance fees and the source and supply costs of electricity.
This case study has only indicated how costings could be carried out, not what the actual costs could be. That area of research could form the focus of future research, suggested in the following section.
SUGGESTIONS FOR FURTHER RESEARCH
This section considers some areas of research beyond the scope of this paper that could be investigated further to develop a broader understanding of the impact of changing technology in the manner in which passenger vehicles are used and powered.
Firstly, the impact of electric vehicles to the electricity grid could be researched as the fuel source moves from unleaded petrol, provided by existing petrol bowser type filling stations, to standard electrical general purpose outlets.
The introduction of the electric vehicle does not reduce overall energy demanded by road transport. The energy consumed by road transport will almost certainly remain unchanged, that is, if it does not rise due to population and economic growth. However the source of energy will alter. A looming problem associated with the rise of the electric vehicle is that of the impact of charging electric vehicles from the existing electrical distribution networks.
Du and others have considered the impact of charging electric vehicles from network sources and have suggested a model to optimise charging and discharging electricity to level demand on the power system. They conclude that instead of destabilising existing electricity networks electric vehicles
This optimization methodology proposed in [their] paper can be applied in different operational circumstances. For instance, it can be applied in industrial, commercial and residential power demand where detailed information of demand profiles are known.
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Secondly, the integration of renewable energy sources to the distribution networks goes some way towards reducing greenhouse gas emissions, and the reliance on fossil fuels. The impact on the rates of greenhouse gas emissions by the introduction of the combination of growing proportions of electric vehicles and renewable energy electricity sources to power them could be further researched.
Thirdly, economic impacts to households could be researched to quantify the fiscal costs as savings or additional imposts as fuel sources change. In particular the economic impact to households charging electric vehicles from dispersed, embedded solar pv installations or electricity purchased from the existing fossil fuel generated utilities. That economically focussed study could include fiscal impacts to government revenue and businesses.
Fourthly, investigations could be conducted as to the introduction of electric vehicles in the workplace for the purpose of employee commuting from their residences to places of work. It is suggested that employers could provide electric vehicles charging facilities powered from renewable energy sources. Employers could install roof mounted solar pv systems and provide employees with free, or heavily subsidised, electricity. Employees benefit from reduced costs of commuting to and from the workplace, and the environment benefits from reduced greenhouse gas emissions. The economic savings of reduced fuel costs could be shared between the employer and employees.
The introduction of the electric vehicle enables such a transition to renewable energy sources for the road transport sector to readily develop. It is a transition strongly recommended by this paper.
